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Previously, we reported that the doping and pressure dependence of the T ∗(B) crossover in YbRh2Si2 is
incompatible with its interpretation as signature of a Kondo breakdown [M.-H. Schubert et al., Phys. Rev. Re-
search 1, 032004(R) (2019)]. The comment by S. Wirth et al. [arXiv:1910.04108] refers to Hall measurements
on undoped YbRh2Si2 and criticizes our study as incomplete and inconclusive. We thoroughly inspect these
data and rebut the arguments of the comment.
The heavy-fermion metal YbRh2Si2 has been intensively
studied in the past 20 years because of its pronounced non-
Fermi liquid effects near a quantum critical point (QCP) re-
lated to the suppression of very weak antiferromagnetic (AF)
order (TN = 70 mK) by a small critical magnetic field
Bc [1, 2]. In addition to the AF phase boundary, a crossover
line T ∗(B), terminating for zero temperature at Bc was ob-
served [3, 4] and from its signature in the Hall effect a Kondo
breakdown has been proposed [5]. A critical inspection of
this interpretation is given below. In our previous work, we
reported the combined influence of non-isoelectronic substitu-
tion and hydrostatic pressure on the low-temperature magne-
toresistance, specific heat and magnetic susceptibility at fields
applied within the magnetic easy plane perpendicular to the
tetragonal c-axis [6]. We found that T ∗(B) is a signature of
field-driven moment polarization, insensitive to the balance
of Kondo to RKKY interaction and with finite full width at
half maximum (FWHM) in the T → 0 limit, questioning the
Kondo breakdown interpretation.
In their comment, S. Wirth et al. [7] argue as follows:
Previous Hall measurements on undoped YbRh2Si2 would
have unambiguously proven a Kondo breakdown [5, 8] and
our study would be inconclusive, because we did not measure
Hall effect and did not properly take into account the effect
of disorder, introduced by the doping. Below, we reply
to this criticism by first focusing on the previous Hall data
and subsequently on the effect of disorder in our doping study.
Previous Hall measurements on undoped YbRh2Si2.
Fig. 1 of the comment by Wirth et al. [7] displays the tem-
perature dependence of the FWHM of the Hall-crossover data
from Ref. [8]. A red line in this plot displays a linear temper-
ature dependence. This line implies for the T = 0 extrapola-
tion a sudden jump of the Hall coefficient, that was associated
with a Fermi surface change due to the Kondo breakdown.
However, the data in this plot and their error bars are not as
conclusive as commonly believed and stated in the comment.
We demonstrate this by a few examples at temperatures be-
low 0.1 K, which are most relevant for the conclusion on a
zero crossover width at T = 0.
We first focus on single-field Hall measurements on sample
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FIG. 1. Analysis of Hall data from “single-field” measurements on
sample 2 of [8, 9]. Blue triangles and orange diamonds result from
calculations of the field-derivative utilizing a constant field window
and field window of variable size, determined to optimize linearity
in B [10], as published in [9] and [8], respectively. The fit for the
determination of the FWHM [8] is shown as black line. The grey and
blue dotted lines display the boundaries of the crossover according
to the fit and the data, respectively.
2 of [8]. This is the sample with largest residual resistivity
ratio of that study. From those measurements, the FWHM
values represented by blue open circles in Fig. 1 of the com-
ment [7] were determined. At 20 mK, a FWHM value as small
as 0.01 T has been indicated (since the field in the measure-
ments was applied along the hard axis, this value was obtained
by division of the determined FWHM by a factor 11, which
takes into account the magnetic anisotropy [8]). Fig. 1 focuses
on the underlying data. It compares two sets of the numer-
ically derived differential Hall coefficient dρH(B1)/dB1 data.
The orange diamonds are from S. Friedemann et al. [8] while
the blue triangles are from the PhD thesis of Sven Friede-
mann [9]. We emphasize that the two sets of differential Hall
coefficient curves are derived from identical data of ρH(B1).
For the blue data set a fixed window for the differential deriva-
tive was used, while for the orange diamonds (from Fig. 1 of
[8]) the numerical derivative was calculated with an algorithm
that finds the window size that minimizes the standard devia-
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2B2 and generation of Hall response through B1: One field, B1,
along the magnetic hard c axis and perpendicular to the electrical
current, is used to extract the initial slope of the Hall resistivity,
ρH, i.e., the linear-response Hall coefficient, RH (see SI Text I).
The second field, B2, applied within the magnetically easy ab
plane and along the current direction, is used as the control
parameter that tunes the system from an antiferromagnetic
ground state at low fields across the QCP toward a high-field
paramagnetic state. The adjacent phases on both sides of the
QCP obey Fermi-liquid properties, like a quadratic temperature
dependence of the resistivity (13). We consider two samples,
which span the whole range of sample dependences in the Hall
coefficient (see SI Text II).
Fig. 1 shows the isothermal linear-response Hall coefficient of
our highest-quality sample as a function of B2. Two features are
evident. First, for B2 much larger than the quantum-critical field,
B2c, the Hall coefficient shows a sizable variation with the
magnetic field; within the experimental error it is linear inB2. This
background feature is likely due to Zeeman splitting (17) because
no indication for a valence change (15) has been observed. The
identification of this background feature is possible only because
we have measured in a substantially extended range of B2 (see
SI Text I). Second, there is a sharp crossover feature that rides
on top of the background contribution. This sharp feature is
located near B2c and will henceforth be termed the critical
Hall-crossover component.
The inset of Fig. 1 further illustrates the systematic decompo-
sition of the Hall crossover into the background and critical com-
ponents. It plots −∂RH∕∂B2 as a function of B2. The background
term appears as an underlying nonzero offset, whereas the critical
term manifests itself as a sharp peak near B2c. More quantita-
tively, Fig. 1 shows the separation of the two components using
a fitting procedure specified in Materials and Methods.
The critical component is characterized by the difference
between R0H, the Hall coefficient before the crossover, and
R∞H , the Hall coefficient after the crossover. The temperature
dependence of R0H and R
∞
H in the low-T range for both samples
is shown in Fig. 2A. The experimental finding of a pronounced
quadratic temperature dependence of R0H below TN allows a
proper extrapolation to T → 0 yielding a finite difference between
R0H and R
∞
H persisting to zero temperature (see SI Text V). This
difference is naturally associated with a change of the Fermi
surface. The magnitudes of R0H and R
∞
H , on the other hand, are
different for the different samples rendering the sample depen-
dences of the Hall coefficient a common property of the two
phases at either side of the QCP. Recent ab initio calculations
of the Hall coefficient in YbRh2Si2 suggest that these sample
dependences are the effect of multiple Fermi-surface sheets.
The “small” (4f-core) and “large” (4f-itinerant) Fermi surfaces
at fields below and above B2c in YbRh2Si2 are respectively domi-
nated by two hole and one hole/one electron Fermi-surface sheets
(19). Correspondingly, the step of RH as B2 increases through B2c
is expected to be negative, as is indeed seen here.
By contrast, the crossover position and the crossover width of
the critical component show essentially no sample dependence
within the experimental error. This is seen in Fig. 3, which plots
the FWHM of ∂RH∕∂B2 isotherms (Fig. 1 Inset), and in Fig. 4,
which depicts the crossover field, B0, extracted from the fits to
RHðB2Þ for a range of low temperatures in the temperature-
magnetic field phase diagram.
To corroborate this fundamental finding, we have carried out
two additional measurements. The standard single-field Hall-
effect setup is used to monitor the differential Hall coefficient
~RH as a function of the magnetic field B1 applied along the crys-
tallographic c axis (see SI Text I). In addition, the magnetoresis-
tivity, ρ, is measured as a function of a single field, B2, applied
within the ab plane. Both ρðB2Þ and ~RHðB1Þ can similarly be de-
composed into background and critical terms (see SI Text IV),
with the critical crossover terms occurring near the basal-plane
critical field, B2c, and near the c-axis critical field, B1c, respec-
tively; the ratio B2c∕B1c will be used as the anisotropy ratio to
convert the B1 scale into an equivalent B2. The zero-field and
high-field values extracted from fits of the crossover function
(Eq. 5) to magnetoresistivity (ρ0 and ρ∞) and differential Hall
coefficient ( ~R0H and ~R
∞
H ) are presented in Fig. 2B and in
SI Text V, respectively. Each quantity shows a similar sample de-
pendence: As found for the crossed-field results, the differences
Fig. 1. Crossed-field Hall-effect results of YbRh2Si2. Selected isotherms of
the initial-slope Hall coefficient RH as a function of B2 for sample 2 [which
has the smallest residual resistivity (cf. SI Text II)]. The solid lines are best fits
of the empirical crossover function given in Eq. 5 in Materials and Methods,
extending up to 2 T. The anomalous contribution to the Hall effect can be
neglected as explained in SI Text III. (Inset) Illustration of the decomposition
of the crossover in RHðB2Þ into the critical and background components. Here,
−∂RHðB2Þ∕∂B2 is plotted as a function of B2 together with the derivatives of
the fitted functions (solid lines). The background crossover term corresponds
to the nonzero constant offset. The critical crossover term is represented by
the sharp peak near B2c (marked by vertical arrow), whose FWHM is defined
as the crossover width (specified for one temperature by the red horizontal
arrows). Standard errors of RH are typically of the size of the symbols.
BA
Fig. 2. Limiting values of the Hall and magnetoresistivity crossover. (A) Fit
parameters R0H and R
∞
H of the crossover in RH plotted for sample 1 and sample
2 as a function of temperature together with the measured initial-slope Hall
coefficient RH. The residual resistance ratios are 70 and 120 for sample 1 and
sample 2, respectively. (B) Corresponding quantities ρ0 and ρ∞ from the
analogous analysis of the magnetoresistivity crossover (see SI Text IV). Solid
lines correspond to fits of a quadratic temperature dependence below TN
(see SI Text V), as already observed previously for ρðTÞ (13). Dashed lines
are guides to the eye. Arrows indicate the Néel temperature. Standard
deviations are smaller than the symbol size.
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FIG. 2. Crossed-field Hall data from [8], see text.
tion from linear fits [10]. In both cases, the description of the
data by the empirical crossover-function (black lin ) [8] is u -
satisfactory, since the data show a couple of extrema, which
are absent in this fun tion. As a res lt of th adva ced l-
gorithm for the numerical derivative the “oscillations” of the
data around the fit by the crossover function are damped, but
still it is evident, that the crossover function does not properly
describes the data. It should be noted that at least some part of
the oscillation is not just noise but an intrinsic feature visible
only at temperatures below TN. Therefore, the fitted cross-
over function is not suitable for temperatures below TN and
the data do not allow to conclude a proper crossover FWHM
value. The fitted crossover appears between 0.6 and 0.8 T (cf.
grey dotted lines). On the other hand, the blue dotted lines
indicate the crossover visible in the actual data, which starts
at 0.5 T and ends at 0.9 T. This yields an at least twice as large
width, questioning the blue data points at lowest temperatures
in Fig. 1 of the comment [7]. However, as stated above, the fit
function is not appropriate at low temperatures and thus it is
difficult to conclude a sharpening of the Hall crossover below
the AF ordering temperature.
Next, we peruse the crossed-field Hall measurements,
where RH was determined from the initial slope of dρH/dB1.
Fig. 2 (adapted from [8]) shows RH as function of the “tun-
ing” field B2, parallel to the applied electrical current in the
main panel. Within the scatter of the displayed RH data (ig-
noring the fitted lines), the crossover at 20 mK does not appear
2.25 (3.25) times narrower than that at 45 (65) mK, required if
the FWHM follows a proportionality with temperature. More
likely, the RH data indicate a saturation of the FWHM upon
cooling to temperatures below 45 mK. (The field-derivative
of these data is shown in the inset with much weaker noise,
probably resulting from sophisticated numerical data analy-
sis. However, the differences in the crossover widths at lowest
temperatures are not obvious from the raw RH data.)
The FWHM vs. T plot [8] from Fig. 1 of the comment
by S. Wirth et al. also includes several points extracted from
magnetoresistance measurements. However, as can be seen
in Fig. 3, taken from the supplement of [8], the magnetore-
Fig. S5. Crossover in the magnetoresistivity ρðB2Þ of YbRh2Si2. Results (a) for sample 1 and (b) for sample 2 are depicted. The data were measured simulta-
neously with the crossed-field Hall-effect experiment. For the fitting of the crossover (Eq. 5 of the main text), the linear background term was omitted.
Fig. S6. FWHM up to 1 K. The results extracted from the magnetoresistivity crossover are depicted in an enlarged temperature range up to 1 K. Solid line
represents the very same linear fit as in Fig. 3 of the main text. It is referred to Fig. 3 of the main text for further explanations.
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FIG. 3. Crossover in the magnetoresistance data from [8], see text.
sistance analysis at low temperatures is also problematic.
There appears a maximum in ρ(B) at temperatures below 70
mK, which interferes with the crossover. Since the fitting
function improperly describes the data at the onset of the
crossover, the true crossover width can well be larger than
the value obtained by the fitting. One may argue that at
elevated temperatures FWHM ∝ T without offset. However,
at 100 mK the FWHM is almost 0.1 T, i.e., even larger than
B∗ itself. Thus, there is a huge uncertainty extrapolating all
the way down to T = 0. In our work [6], we only included
such data points to a FWHM vs. T plot that were determined
for the various doped samples above their respective TN and
for which the fit function describes the data without any such
problems. The determined FWHM v lues are shown in Fig.
3(b) of our paper. A clear deviation from a T -linear behavior
of the FWHM below 100 mK is visible, implying a finite
crossover width at T = 0. The comment emphasizes ”the
scattering rate has no way to create a jump” [7]. Indeed,
but such jump has not been unambiguously proven. Note,
that within the theory of spin-flip scattering of critical quasi-
particles by Wlfle, Abrahams and Schmalian, the crossover
signatures at B∗ in YbRh2Si2 and their thermal broadening
are accounted for by the Zeeman effect without invoking a
Kondo breakdown [11, 12].
Difficulties of results on undoped YbRh2Si2 with the Kondo
breakdown scenario
The comment argues, magnetoresistance measurements
alone would not allow us to draw conclusions on the nature
of T ∗ [7]. Supposing a drastic change of the Fermi surface
at T = 0, however, all physical properties related to heavy
quasiparticles should display respective signatures. In fact,
the magnetoresistance change at the B∗ in YbRh2Si2 has been
argued by the authors of the comment to be caused by a Kondo
breakdown, previously [13].
As stated before, the crossover is still broad at 0.1 K and a
truly T -linear behavior of the width, that would extrapolate to
a jump in the zero-temperature limit, is not evident from the
3B2 and generation of Hall response through B1: One field, B1,
along the magnetic hard c axis and perpendicular to the electrical
current, is used to extract the initial slope of the Hall resistivity,
ρH, i.e., the linear-response Hall coefficient, RH (see SI Text I).
The second field, B2, applied within the magnetically easy ab
plane and along the current direction, is used as the control
parameter that tunes the system from an antiferromagnetic
ground state at low fields across the QCP toward a high-field
paramagnetic state. The adjacent phases on both sides of the
QCP obey Fermi-liquid properties, like a quadratic temperature
dependence of the resistivity (13). We consider two samples,
which span the whole range of sample dependences in the Hall
coefficient (see SI Text II).
Fig. 1 shows the isothermal linear-response Hall coefficient of
our highest-quality sample as a function of B2. Two features are
evident. First, for B2 much larger than the quantum-critical field,
B2c, the Hall coefficient shows a sizable variation with the
magnetic field; within the experimental error it is linear inB2. This
background feature is likely due to Zeeman splitting (17) because
no indication for a valence change (15) has been observed. The
identification of this background feature is possible only because
we have measured in a substantially extended range of B2 (see
SI Text I). Second, there is a sharp crossover feature that rides
on top of the background contribution. This sharp feature is
located near B2c and will henceforth be termed the critical
Hall-crossover component.
The inset of Fig. 1 further illustrates the systematic decompo-
sition of the Hall crossover into the background and critical com-
ponents. It plots −∂RH∕∂B2 as a function of B2. The background
term appears as an underlying nonzero offset, whereas the critical
term manifests itself as a sharp peak near B2c. More quantita-
tively, Fig. 1 shows the separation of the two components using
a fitting procedure specified in Materials and Methods.
The critical component is characterized by the difference
between R0H, the Hall coefficient before the crossover, and
R∞H , the Hall coefficient after the crossover. The temperature
dependence of R0H and R
∞
H in the low-T range for both samples
is shown in Fig. 2A. The experimental finding of a pronounced
quadratic temperature dependence of R0H below TN allows a
proper extrapolation to T → 0 yielding a finite difference between
R0H and R
∞
H persisting to zero temperature (see SI Text V). This
difference is naturally associated with a change of the Fermi
surface. The magnitudes of R0H and R
∞
H , on the other hand, are
different for the different samples rendering the sample depen-
dences of the Hall coefficient a common property of the two
phases at either side of the QCP. Recent ab initio calculations
of the Hall coefficient in YbRh2Si2 suggest that these sample
dependences are the effect of multiple Fermi-surface sheets.
The “small” (4f-core) and “large” (4f-itinerant) Fermi surfaces
at fields below and above B2c in YbRh2Si2 are respectively domi-
nated by two hole and one hole/one electron Fermi-surface sheets
(19). Correspondingly, the step of RH as B2 increases through B2c
is expected to be negative, as is indeed seen here.
By contrast, the crossover position and the crossover width of
the critical component show essentially no sample dependence
within the experimental error. This is seen in Fig. 3, which plots
the FWHM of ∂RH∕∂B2 isotherms (Fig. 1 Inset), and in Fig. 4,
which depicts the crossover field, B0, extracted from the fits to
RHðB2Þ for a range of low temperatures in the temperature-
magnetic field phase diagram.
To corroborate this fundamental finding, we have carried out
two additional measurements. The standard single-field Hall-
effect setup is used to monitor the differential Hall coefficient
~RH as a function of the magnetic field B1 applied along the crys-
tallographic c axis (see SI Text I). In addition, the magnetoresis-
tivity, ρ, is measured as a function of a single field, B2, applied
within the ab plane. Both ρðB2Þ and ~RHðB1Þ can similarly be de-
composed into background and critical terms (see SI Text IV),
with the critical crossover terms occurring near the basal-plane
critical field, B2c, and near the c-axis critical field, B1c, respec-
tively; the ratio B2c∕B1c will be used as the anisotropy ratio to
convert the B1 scale into an equivalent B2. The zero-field and
high-field values extracted from fits of the crossover function
(Eq. 5) to magnetoresistivity (ρ0 and ρ∞) and differential Hall
coefficient ( ~R0H and ~R
∞
H ) are presented in Fig. 2B and in
SI Text V, respectively. Each quantity shows a similar sample de-
pendence: As found for the crossed-field results, the differences
Fig. 1. Crossed-field Hall-effect results of YbRh2Si2. Selected isotherms of
the initial-slope Hall coefficient RH as a function of B2 for sample 2 [which
has the smallest residual resistivity (cf. SI Text II)]. The solid lines are best fits
of the empirical crossover function given in Eq. 5 in Materials and Methods,
extending up to 2 T. The anomalous contribution to the Hall effect can be
neglected as explained in SI Text III. (Inset) Illustration of the decomposition
of the crossover in RHðB2Þ into the critical and background components. Here,
−∂RHðB2Þ∕∂B2 is plotted as a function of B2 together with the derivatives of
the fitted functions (solid lines). The background crossover term corresponds
to the nonzero constant offset. The critical crossover term is represented by
the sharp peak near B2c (marked by vertical arrow), whose FWHM is defined
as the crossover width (specified for one temperature by the red horizontal
arrows). Standard errors of RH are typically of the size of the symbols.
  
Fig. 2. Limiting values of the Hall and magnetoresistivity crossover. (A) Fit
parameters R0H and R
∞
H of the crossover in RH plotted for sample 1 and sample
2 as a function of temperature together with the measured initial-slope Hall
coefficient RH. The residual resistance ratios are 70 and 120 for sample 1 and
sample 2, respectively. (B) Corresponding quantities ρ0 and ρ∞ from the
analogous analysis of the magnetoresistivity crossover (see SI Text IV). Solid
lines correspond to fits of a quadratic temperature dependence below TN
(see SI Text V), as already observed previously for ρðTÞ (13). Dashed lines
are guides to the eye. Arrows indicate the Néel temperature. Standard
deviations are smaller than the symbol size.
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FIG. 4. Temperature dependenc of Hall coefficient (A) and electri-
cal resistance (B) for YbRh2Si2 (from [8]).
available data. Another problem with the Kondo-breakdown
interpretati n of the T ∗ crossover is discussed in the follow-
ing.
The Fermi surface of YbRh2Si2 was recently inves-
tigated by angular resolved photoemission spectroscopy
(ARPES) [15]. Down to 1 K, a large Fermi surface was
detected at zero field, while the Kondo breakdown scenario
expects a small Fermi surface at B < B∗. Furthermore,
scanning tunneling spectroscopy (STS) measurements at
300 mK did not detect significant differences in the spectra
for field smaller and larger than B∗, indicating a dominant
signature of the large Fermi surface at zero field [16]. It has
been argued [13, 14], that in view of the substantial crossover
width down to these temperatures, physical properties being
sensitive to the Fermi surface (such as ARPES, STS, Hall-
effect, etc.) would see at “elevated” temperatures significant
spectral weight of the large Fermi surface at zero magnetic
field, even though the zero-field state is claimed to be the one
with small Fermi surface. Consequently, signatures implying
differences between large and small Fermi surface, invisible
down to 300 mK, should become visible upon cooling, as the
crossover width decreases linearly with T and spectral weight
of the large Fermi surface thus is expected to disappear at
zero field. However, the temperature dependence of the Hall
constant at both sides of the B∗ crossover, displayed in Fig.
4(A) [8], indicates disparate behavior: The change of the
Hall constant, R0H-R
∞
H , decreases from 300 mK to 20 mK
by a factor of 5. If the spectral weight of the large Fermi
surface would freeze out at zero field upon cooling, one may
have expected to see R0H-R
∞
H increasing upon cooling. In fact,
the change of the Hall constant with temperature very much
resembles that of the electrical resistance (cf. Fig. 4(B)).
This indicates that both properties are mainly governed by
scattering and not by a presumed change of charge carrier
concentration [5]. Thus, also the combination of ARPES,
STS and Hall effect questions a Kondo breakdown at B∗ in
undoped YbRh2Si2.
The scenario of a locally critical QCP discusses that the
transition from a small to a large Fermi surface is driven
by enhancing the relative strength JK/JRKKY of the Kondo
compared to the RKKY coupling [17]. Note, that magnetic
field has not been explicitly included to an underlying
Hamiltonian. For the T ∗ anomaly in YRS it is assumed that
field tilts the balance between these two scales in favor of
the larger Fermi surface. However, if T ∗ would depend on
the competition between TK and TRKKY it should display a
pressure dependence (as clearly observed for the AF phase
boundary [1]). Such pressure or chemical pressure depen-
dence of T ∗ is however almost absent [18, 19], despite huge
opposite changes of TN and the single-ion Kondo temperature
TK. This indicates, that the T ∗ crossover is almost insensitive
to the balance of Kondo to RKKY interaction. It was noticed
that the pressure insensitivity of B∗ at T = 0 can be mapped to
a global phase diagram, if pressure would only act in reducing
the parameter G (i.e., the strength of quantum fluctuations,
induced e.g. by geometrical frustration), leaving JK/JRKKY
unchanged [20]. However, there is neither experimental
indication (see above) nor theoretical justification for a
pressure insensitivity of JK/JRKKY.
Effect of disorder in doped YbRh2Si2
Finally, we reply to the criticism concerning a possible ef-
fect of disorder in our study of doped YbRh2Si2. We carefully
examined our substituted single crystals by XRD and EDX
and confirmed phase purity, homogeneity and actual compo-
sitions (cf. the supplement of [6]). The residual resistivity of
Fe- and Ni-substituted crystals is similar to that of respective
Co- and Ir-substitutions, for example about 7 µΩcm for
x ≈ 0.07 [6, 18]. Note, that for Co- and Ir-substitutions B∗
has also been determined by very similar magnetoresistance
crossovers, which have been interpreted as signatures of
the Kondo breakdown being detached from the AF QCP.
Furthermore, for the various Fe- and Ni-substitutions, the
characteristic maximum of the electrical resistivity, which
arises from the single-ion Kondo effect, as well as the size
of TK, determined from the magnetic entropy, follow the
previous trend found for Co-substitution [18], indicating a
similar chemical pressure effect [6]. Moreover, application of
hydrostatic pressure on Yb(Rh0.93Fe0.07)2Si2 leads to a similar
stabilization of AF order (and very similar electrical resistiv-
ity signatures of the latter), as previously found in pressure
experiments on undoped as well as Co-doped YbRh2Si2
(considering of course the respective differences in chemical
pressure) [9]. The combination of these results provides
confidence, that the disorder effects introduced by Fe- or
Ni-substitution are under control and similar as for Co- and
Ir-substitutions. Indeed, the effect of our substitution cannot
be captured by a change in the residual resistivity alone as
stated in the comment [7]. This has been one of our main
points [6]: Partial Fe-substitution suppresses the T ∗ crossover
and the ferromagnetic correlations, while Ni-substitution
acts oppositely. The partial moment polarization at B∗ is
directly visible in magnetization, magnetic susceptibility and
magnetic entropy [3, 19, 21, 22], indicating the field-driven
nature of this crossover.
4Conclusion
Several observations in YbRh2Si2, including the stronger
than logarithmic quasiparticle mass divergence [1, 2, 23],
Gru¨neisen parameter divergences with fractional expo-
nents [21, 24] and the linear temperature dependence of the
electrical resistivity [2, 23] are clearly incompatible with the
predictions of the itinerant theory for an AF QCP, while they
have been accounted for by a theory of critical quasiparti-
cles [12]. This theory also quantitatively describes the Hall
effect and magnetoresistance behavior of pure YbRh2Si2 by
the Zeeman effect acting on robust critical quasiparticles [11].
On the other hand, the theory of a locally critical QCP [17]
also accounts for the above non-Fermi liquid effects and treats
the T ∗(B) crossovers, also for Yb(Rh1−xTx)2Si2 with T=Co or
Ir, where they are clearly separated from the AF QCP, as sig-
natures of the Kondo breakdown [20]. However, this interpre-
tation seems incompatible with the experimental observations
discussed above and in [6]. Clearly T ∗(B) reflects a partial
magnetic polarization, indicated by the signature in the differ-
ential magnetic susceptibility. Field-driven crossovers were
also found in other heavy fermion metals [25–28]. Note that
our discussion does not exclude a Kondo breakdown in other
situations, e.g. for pressurized CeRhIn5 [29] or substituted
CeCu6−xAux [30].
To summarize, a critical inspection of the T ∗(B) crossover
signatures in undoped YbRh2Si2 reveals clear contradiction
to the expectation of a Kondo breakdown QCP. This includes
its pressure insensitivity and the saturation of the FWHM,
being incompatible with a sharp Fermi surface jump at T = 0.
The crossover signatures are naturally related to a moment
polarization and thus their theoretical description requires the
consideration of the Zeeman effect.
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